Ca2+-induced redistribution of Ca2+/calmodulin-dependent protein kinase II associated with an endoplasmic reticulum stress response in vascular smooth muscle.
The relation between CaM kinase II activity and high Ca2+-mediated stress responses was studied in cultured vascular smooth muscle cells. Treatment with ionomycin (1 microM) for 5 min caused a significant loss of CaM kinase II activity in whole cell homegenates and prominent vesiculation of the endoplasmic reticulum (ER). Similar losses of CaM kinase II activity were observed in the soluble lysate as assessed by activity measurements and Western blotting. Examination of the post-lysate particulate fraction showed that the loss of CaM kinase II from the soluble lysate was accompanied by a redistribution of CaM kinase II to this fraction. The ionomycin-mediated response was limited to this concentration (1 microM); lower concentrations of ionomycin as well as stimulation with angiotensin II (1 microM) orATP (100 microM) did not cause a shift in CaM kinase II distribution. Treatment with neither the CaM kinase II inhibitor KN-93 nor the phosphatase inhibitor okadaic acid altered the ionomycin-induced redistribution indicating that CaM kinase II activation and/or phosphorylation was not part of the mechanism. The response, however, was eliminated when the cells were treated in Ca2+-free medium. Washout of ionomycin led to only a partial restoration of the kinase activity in the soluble fraction after 10 min. Immunofluorescence microscopy of resting cells indicated colocalization of antibodies to CaM kinase II and an ER protein marker. ER vesiculation induced by ionomycin coincided with a parallel redistribution of CaM kinase II and ER marker proteins. These data link ionomycin-induced ER restructuring to a progressive redistribution of CaM kinase II protein to an insoluble particulate fraction and loss of cellular CaM kinase II activity. We propose that redistribution of CaM kinase II and loss of cellular activity are components of a common Ca2+-overload induced cellular stress response in cells.